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Introduction
In this contribution, we discuss the remaining issues related to improving the accuracy for DL-AoD positioning solutions, focusing on DL-AoD uncertainty window, PRS measurement and reporting, adjacent beam reporting and reporting and definition of DL PRS path RSRP. 
DL-AoD uncertainty window

In RAN1#107-e meeting, the following agreement was achieved [1]: 

Agreement 
For the purpose of both UE-B and UE-A DL-AoD, and with regards to the support of AOD measurements with an expected uncertainty window, the following is supported 
· Indication of expected angle value and uncertainty (of the expected azimuth and zenith angle value) range(s) is signaled by the LMF to the UE
· The type of expected angle and uncertainty can be requested by the UE, between the following options
· Option 1: Indication of expected DL-AoD/ZoD value and uncertainty (of the expected DL-AoD/ZoD value) range(s) is signaled by the LMF to the UE
· Option 2: Indication of expected DL-AoA/ZoA value and uncertainty (of the expected DL-AoA/ZoA value) range(s) is signaled by the LMF to the UE


According to the above agreement, either expected DL-AoD/ZoD (Option 1) or expected DL-AoA/ZoA (Option 2) could be provided to the UE. But it is not supported to provide both Option 1 and Option 2 to the UE. The description in the current specification of TS 38.214 [2] is not adequate. We prefer the following revision.


Proposal-1: Adopt the following TP for DL-AoD uncertainty window: 

----------------Start of TP for TS38.214---------------------
5.1.6.5	PRS reception procedure
……
The UE may request to be provided with either expected DL-AoD/ZoD and uncertainty range(s) of expected DL-AoD/ZoD, or expected DL-AoA/ZoA and uncertainty range(s) of the expected DL-AoA/ZoA. The UE may be provided with expected DL-AoD/ZoD and uncertainty range(s) of the expected DL-AoD/ZoD, .or The UE may be provided with expected DL-AoA/ZoA and uncertainty range(s) of the expected DL-AoA/ZoA.
……
----------------End of TP for TS38.214---------------------

Further, these expected angles should be defined with a reference direction. In UL, the expected AoA may be defined in either GCS or LCS, as gNB usually knows its antenna orientation. However, some UEs may not know their orientations. If the expected DL-AoD/ZoD value or DL-AoA/ZoA value are defined in GCS or LCS, these UEs may not be able to use the angle information. In Rel-16, DL PRS is QCLed with SSB or other reference signals to provide the Rx beam information. Then, it is natural to use the boresight direction of SSB or DL PRS as the reference direction. The expected angle values are defined as an angle offset to the reference direction. With respect to the concerns that UE would not receive the SSBs due to the coverage issues, we may restrict the SSB or DL PRS used to determine the reference direction belonging to the serving cell. In addition, the direction of UL SRS could also be used as the reference direction, which is more straightforward for UE to adjust its RX beam.  As illustrated in Figure 1, the expected DL-AoD/ZoD value or DL-AoA/ZoA value are defined as an offset to the boresight of the SRS resource.

[image: ]
Figure 1: Reference direction determination base on SRS

Proposal-2: The reference direction of the expected DL-AoD/ZoD or DL-AoA/ZoA, which can be the resource ID(s) of DL/UL reference signals or SSB index, should be indicated to UE.
DL-AoD measurement and reporting
In RAN1#106bis-e meeting, the following agreements were achieved for DL-AoD enhancement [3]: 

Agreement:
The agreement from RAN1#106-e on the number of DL PRS RSRP measurements per TRP is extended as follows:
· For UE-A DL-AOD, support reporting more than 8 up to 16 N DL PRS RSRP measurements per TRP, where N is UE capability and candidate values include {16,24}.
· For UE-A DL-AOD, support reporting more than 8 up to 16 M first path PRS RSRP measurements per TRP, where M is a UE capability 
· FFS: Values of M. Candidate values include {2,4,8,16,24}.
· FFS: Whether M is always equal to N
· Note: Multiple RSRPs corresponding to same or different Rx Beam index should be able to be reported for a given PRS resource for same or different timestamps. 
· Note: the maximum number of DL PRS RSRP associated with the same Rx beam index is up to the UE implementation

In RAN1#107-e meeting, the following agreement was further achived [1]:

Agreement
For reporting of DL PRS RSRPP and PRS RSRP in UE-A DL-AOD
· The maximum number of DL PRS RSRPP M is a UE capability and its candidate values include {2,4,8,16,24}.
· The capabilities for DL PRS RSRPP (M value) and DL PRS RSRP (N values) are such that M is less than or equal to N 
According to the agreement, for a given PRS resource, multiple DL PRS RSRPs could be reported, which may correspond to same or different Rx Beam index and same or different timestamps. This feature should be specified in TS 38.214 [2] for a clear description on UE reporting. In addition, the number of DL PRS RSRPP measurements per TRP could be less than or equal to that of DL PRS RSRP. This is also missed from the current specfication. In our opinion, the following TP should be adopted:

Proposal-3: Adopt the following TP for DL-AOD measurement and reporting: 


----------------Start of TP for TS38.214---------------------
[bookmark: _Toc29673158][bookmark: _Toc29673299][bookmark: _Toc29674292][bookmark: _Toc36645522][bookmark: _Toc45810567][bookmark: _Toc83310152]5.1.6.5	PRS reception procedure
……
The UE may be configured to measure and report, subject to UE capability, up to 24 DL PRS-RSRP measurements on different DL PRS resources associated with the same dl-PRS-ID. When the UE reports DL PRS-RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS-RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex [17, TS 37.355] have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set. When the UE reports DL PRS-RSRP measurements from one DL PRS resource set, for a DL PRS resource, multiple DL PRS-RSRP measurements associated with the same or different higher layer parameter nr-DL-PRS-RxBeamIndex should be able to be reported with the same or different timestamps. The UE may be configured to measure and report, subject to UE capability, up to 24 DL PRS RSRPP for the first detected path on different DL PRS resources associated with the same dl-PRS-ID. The number of the reported DL PRS RSRPP is less than or equal to the number of the reported DL PRS RSRP.

……
----------------End of TP for TS38.214---------------------

Adjacent beam reporting
In RAN1#107-e meeting, the following agreement was achieved [1]: 

Agreement 
For UE-assisted DL-AOD positioning method, to enhance the signaling to the UE for the purpose of PRS resource(s) reporting, the LMF may indicate in the assistance data (AD), one or both the following: 
· option 1: subject to UE capability, for each PRS resource, a subset of PRS resources for the purpose of prioritization of DL-AOD reporting:
· a UE may include the requested PRS measurement for the subset of the PRS in the DL-AoD additional measurements if the requested PRS measurement of the associated PRS is reported 
· The requested PRS measurement can be DL PRS RSRP and/or path PRS RSRP. 
· UE may report PRS measurements only for the subset of PRS resources.
· Note: The subset associated with a PRS resource can be in a same or different PRS resource set than the PRS resource 
· option 2: subject to UE capability, for each PRS resource, the boresight direction information. 
· Note: Either case does not imply any restriction on UE measurement 
FFS: prioritization of the PRS resources and resource subsets to be measured


From option 1 in the above agreement, for each PRS resource, a subet of PRS resources (with [DL-AOD-PRS resource-Subset]) could be associated with. This is not adequatedly captured in the current specification of TS 38.214 [2]. It seems that only one subset of PRS resources is allowed to be configured for multiple PRS resources, instead of the one-to-one asscociation. Therefore, we prefer to revise the description related to option 1. 

Proposal-4: Adopt the following TP for adjacent beam reporting: 

----------------Start of TP for TS38.214---------------------
5.1.6.5	PRS reception procedure
……
For each PRS resource, Tthe UE may be configured, subject to UE capability, with [DL-AOD-PRS resource-Subset] that is associated with thisa PRS resource, where the subset of PRS resources associated with the PRS resource can be in the same or different PRS resource set than the PRS resource. The UE may include UE measurements for the subset of PRS resources in [NR-DL-AoD-AdditionalMeasurementElement] if the UE measurements of the associated PRS resource are reported, where the UE measurement can be DL PRS-RSRP and/or DL PRS-RSRPP. The UE may report DL PRS-RSRP and/or DL PRS-RSRPP measurements only for the subset of PRS resources. Subject to UE capability, the UE may be configured with higher layer parameter [DL-AOD Boresight direction] for each PRS resource.

……
----------------End of TP for TS38.214---------------------

[bookmark: _Ref60564645][bookmark: _Ref47295954]Reporting and definition of DL PRS path RSRP

In RAN1#106bis-e [3], the following agreement on PRS-RSRPP has been achieved:

Agreement:
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path 
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP. 
· FFS: Whether the definition of the ith path delay (other than i=1) is required. 
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation (there is no impact to specifications managed by RAN1 for this)
· Note: This does not imply that the path delay has to be reported in DL-AoD positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary

According to the above agreement, PRS-RSRPP for ith path delay is defined as the power corresponding to ith detected path. At the UE side, the receiver needs to separate the signal power of each path from the total received signal power. Namely, PRS-RSRPP could be considered as a component of PRS-RSRP. Therefore, PRS-RSRPP should be defined in the same way as that of PRS-RSRP. According to the definition of PRS-RSRP in TS 38.215 [4], we propose the following TP for the modification of PRS-RSRPP definition:


Proposal-5: Adopt the following TP for the modification of the definition of DL PRS-RSRPP.

----------------Start of TP for TS38.215---------------------
[bookmark: _Toc90666276]5.1.35	DL PRS reference signal received path power (DL PRS-RSRPP)

	Definition
	DL PRS reference signal received path power (DL PRS-RSRPP), is defined as linear average of the power contributions (in[W]) of the received DL PRS signal of the resrouce elements configured for the measurement at the i-th path delay of the channel response, where DL PRS-RSRPP for 1st path delay is the power contribution corresponding to the first detected path in time.

For frequency range 1, the reference point for the DL PRS-RSRPP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



----------------End of TP for TS38.215---------------------

When differential reporting is used, PRS-RSRPP is reported as the difference in dB with respect to a reference measurement. In our opinion, the reference measurement is prefered to be the power of the strongest path. Because the strongest path can be more reliably detected and the resulted differential value would lie in a reasonable range of [0,1], which is beneficial for AI/ML processing [5]. Besides the differential values of PRS-RSRPP, absolute value of this reference measurement should also be reported simultaneously.

Proposal-6: When differential reporting is used, the reference measurement should be the absolute value of PRS-RSRPP of the strongest path.

Conclusions
In this contribution, we discuss the remaining issues on DL-AoD positioning enhancements, and give the following proposals:

Proposal-1: Adopt the following TP for DL-AoD uncertainty window: 

----------------Start of TP for TS38.214---------------------
5.1.6.5	PRS reception procedure
……
The UE may request to be provided with either expected DL-AoD/ZoD and uncertainty range(s) of expected DL-AoD/ZoD, or expected DL-AoA/ZoA and uncertainty range(s) of the expected DL-AoA/ZoA. The UE may be provided with expected DL-AoD/ZoD and uncertainty range(s) of the expected DL-AoD/ZoD, .or The UE may be provided with expected DL-AoA/ZoA and uncertainty range(s) of the expected DL-AoA/ZoA.
……
----------------End of TP for TS38.214---------------------

Proposal-2: The reference direction of the expected DL-AoD/ZoD or DL-AoA/ZoA, which can be the resource ID(s) of DL/UL reference signals or SSB index, should be indicated to UE.

Proposal-3: Adopt the following TP for DL-AOD measurement and reporting: 


----------------Start of TP for TS38.214---------------------
5.1.6.5	PRS reception procedure
……
The UE may be configured to measure and report, subject to UE capability, up to 24 DL PRS-RSRP measurements on different DL PRS resources associated with the same dl-PRS-ID. When the UE reports DL PRS-RSRP measurements from one DL PRS resource set, the UE may indicate which DL PRS-RSRP measurements associated with the same higher layer parameter nr-DL-PRS-RxBeamIndex [17, TS 37.355] have been performed using the same spatial domain filter for reception if for each nr-DL-PRS-RxBeamIndex reported there are at least 2 DL PRS-RSRP measurements associated with it within the DL PRS resource set. When the UE reports DL PRS-RSRP measurements from one DL PRS resource set, for a DL PRS resource, multiple DL PRS-RSRP measurements associated with the same or different higher layer parameter nr-DL-PRS-RxBeamIndex should be able to be reported with the same or different timestamps. The UE may be configured to measure and report, subject to UE capability, up to 24 DL PRS RSRPP for the first detected path on different DL PRS resources associated with the same dl-PRS-ID. The number of the reported DL PRS RSRPP is less than or equal to the number of the reported DL PRS RSRP.
……
----------------End of TP for TS38.214---------------------

Proposal-4: Adopt the following TP for adjacent beam reporting: 

----------------Start of TP for TS38.214---------------------
5.1.6.5	PRS reception procedure
……
For each PRS resource, Tthe UE may be configured, subject to UE capability, with [DL-AOD-PRS resource-Subset] that is associated with thisa PRS resource, where the subset of PRS resources associated with the PRS resource can be in the same or different PRS resource set than the PRS resource. The UE may include UE measurements for the subset of PRS resources in [NR-DL-AoD-AdditionalMeasurementElement] if the UE measurements of the associated PRS resource are reported, where the UE measurement can be DL PRS-RSRP and/or DL PRS-RSRPP. The UE may report DL PRS-RSRP and/or DL PRS-RSRPP measurements only for the subset of PRS resources. Subject to UE capability, the UE may be configured with higher layer parameter [DL-AOD Boresight direction] for each PRS resource.
……
----------------End of TP for TS38.214---------------------

Proposal-5: Adopt the following TP for the modification of the definition of DL PRS-RSRPP.

----------------Start of TP for TS38.215---------------------
5.1.35	DL PRS reference signal received path power (DL PRS-RSRPP)
[bookmark: _GoBack]
	Definition
	DL PRS reference signal received path power (DL PRS-RSRPP), is defined as linear average of the power contributions (in[W]) of the received DL PRS signal of the resrouce elements configured for the measurement at the i-th path delay of the channel response, where DL PRS-RSRPP for 1st path delay is the power contribution corresponding to the first detected path in time.

For frequency range 1, the reference point for the DL PRS-RSRPP shall be the antenna connector of the UE. For frequency range 2, DL PRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE




----------------End of TP for TS38.215---------------------

Proposal-6: When differential reporting is used, the reference measurement should be the absolute value of PRS-RSRPP of the strongest path.
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